1. Introduction
===============

Previous studies have demonstrated that there is a correlation between smoking and lung function. Some researchers have concluded that forced expiratory volume in one second (FEV~1~) is a powerful predictor of general, pulmonary, and cardiovascular mortality and morbidity \[[@B1-ijerph-11-01500],[@B2-ijerph-11-01500],[@B3-ijerph-11-01500],[@B4-ijerph-11-01500]\]. This is significant because the size of the airway, its elasticity, other respiratory disease, inflammation, and airway obstruction are physical characteristics of the pulmonary system that influence FEV~1~. Although, there is no current scientific evidence to explain the ethnic differences in lung function (LF), race and ethnicity have consistently been found to be important predictors of pulmonary function \[[@B5-ijerph-11-01500]\], suggesting that African Americans (AAs) have smaller lung volumes than whites \[[@B6-ijerph-11-01500]\]. Paucity of spirometry data from AAs might explain why early prediction equations for lung function parameters were developed exclusively among European Americans (EAs). Like smoking, sedentary lifestyle has been associated with less efficient pulmonary function. In a population known for a high prevalence of chronic diseases, there is a great need for a better understanding of the etiology of pulmonary dysfunction in AAs and increased knowledge of the predictors of increased risk. The results of several studies highlighted the need to further investigate sedentary lifestyle as a mediator between smoking and lung function. While Kaczynski *et al.* concluded that smoking and physical activity were largely incongruent behaviors \[[@B7-ijerph-11-01500]\], several other researchers have demonstrated that sedentary lifestyle and smoking are related to lung function. Exposure to heavy environmental tobacco smoke in an Oriental population was found to be associated with significant impairment of endothelial function, independent of age, gender, and traditional risk parameters. This may have adverse implications for cardiovascular risk in a modernizing Oriental population \[[@B8-ijerph-11-01500]\]. Ahmad *et al.* reported that physical inactivity and obesity can impair FVC and FEV1, while appropriate aerobic exercise training can partly improve FVC and FEV1 due to the respiratory muscle performance enhancement \[[@B9-ijerph-11-01500]\]. Garcia-Aymerich *et al.* found that moderate to high levels of regular physical activity are associated with reduced lung function decline and COPD risk among smokers \[[@B10-ijerph-11-01500]\]. In a study in 2011 by Katz *et al.*, it was found that physically inactive individuals with obstructive lung disease (OLD) had increased odds of increase in disability after controlling for baseline disability, lung function, and other covariates \[[@B11-ijerph-11-01500]\]. These results provide strong support for the importance of maintaining physical activity among individuals with obstructive disease. In addition, Jakes *et al.* reported that physical activity is associated with higher levels of FEV(1), whereas sedentary behavior, like television viewing, is associated with lower levels \[[@B12-ijerph-11-01500]\].

Since smoking and physical activity are largely incongruent behaviors \[[@B7-ijerph-11-01500]\], and the literature is limited in its accounting of the interplay of smoking and sedentary lifestyle in relation to lung function in AAs, this study was conducted to examine the joint effects of smoking and sedentary lifestyle of AAs using the Jackson Heart Study (JHS) data. In addition, it was decided to examine whether sedentary lifestyle mediate the relationship between smoking and lung function in AAs in the JHS.

1.1. Smoking and Lung Function
------------------------------

Early life involvement in smoking during childhood might prevent the lung from attaining complete development and increase chances of illnesses. Approximately 20% of all annual deaths \[[@B13-ijerph-11-01500],[@B14-ijerph-11-01500]\], and 157 billion dollars in US health care expenses \[[@B15-ijerph-11-01500]\] are attributable to cigarette smoking. Although AAs are more likely to have smoked fewer cigarettes per day \[[@B16-ijerph-11-01500]\] or begin smoking later in life (tantamount to fewer pack years) \[[@B17-ijerph-11-01500]\], they are disproportionately affected by smoking related diseases \[[@B16-ijerph-11-01500],[@B17-ijerph-11-01500]\].

1.2. Sedentary Lifestyle and Lung Function
------------------------------------------

Two thirds of US adults do not meet the current recommendation of at least 30 minutes of moderate (physical activity on 5--7 days per week) \[[@B13-ijerph-11-01500]\]. Higher prevalence of physical inactivity among AAs might account for elevated morbidity and mortality rates \[[@B12-ijerph-11-01500],[@B14-ijerph-11-01500],[@B15-ijerph-11-01500],[@B16-ijerph-11-01500]\]. AA women compared to men have markedly low levels of physical activity \[[@B17-ijerph-11-01500]\]. In addition, airflow limitation resulting from sedentary lifestyle is an independent predictor of future cardiovascular events in patients with various cardiovascular risk factors \[[@B18-ijerph-11-01500]\]. Although there are known associations between lung function, physical activity, and disease \[[@B19-ijerph-11-01500],[@B20-ijerph-11-01500]\], research supporting the association between physical activity and lung function is scarce \[[@B21-ijerph-11-01500],[@B22-ijerph-11-01500],[@B23-ijerph-11-01500],[@B24-ijerph-11-01500],[@B25-ijerph-11-01500],[@B26-ijerph-11-01500],[@B27-ijerph-11-01500],[@B28-ijerph-11-01500],[@B29-ijerph-11-01500]\], and the mechanisms by which physical inactivity might influence FEV~1~ are unclear.

1.3. Significance
-----------------

Low levels of physical activity have been reported among AAs compared to EAs, as have negative associations between (a) sedentary lifestyle and lung function and (b) between smoking and physical activity \[[@B13-ijerph-11-01500],[@B30-ijerph-11-01500]\]. This study sought to examine if smoking has a negative impact on lung function and cardiovascular health and to investigate the mediating role of smoking and sedentary lifestyle on health status. Specifically, the study addressed the following questions: Are there differences in the lung function of smokers and non-smokers who are physically active *versus* smokers and non-smokers who are not physically active?Does sedentary lifestyle mediate the relationship between smoking and lung function in AAs in the JHS?

2. Design/Methods
=================

2.1. Study Population
---------------------

The JHS is the largest single-site, population-based cohort study of cardiovascular disease (CVD) among AAs in the U.S. The study sample consists of AA adults aged 21--95 residing in urban and rural areas in the tri-county region: Hinds, Madison, and Rankin Counties, which constitutes the Jackson, Mississippi metropolitan statistical area (MSA) \[[@B31-ijerph-11-01500]\]. The JHS cohort included 5,301 participants (mean age = 55.6, SD = 12.7, 63.3% women), equivalent to 7% of all African Americans aged 21--95 residing in the Jackson MSA \[[@B31-ijerph-11-01500]\]. Details of the study design and recruitment protocol have been described elsewhere \[[@B31-ijerph-11-01500],[@B32-ijerph-11-01500],[@B33-ijerph-11-01500],[@B34-ijerph-11-01500],[@B35-ijerph-11-01500],[@B36-ijerph-11-01500],[@B37-ijerph-11-01500],[@B38-ijerph-11-01500]\]. The analytic sample size was 3256 of the 5301 based on JHS Exam 1 data (2000--2004). This sample excluded the following: (1) Prevalent CVD cases (n = 545); (2) self-reported physician diagnosed asthma (n = 729); and (3) missing values for; (a) lung function measures (n = 185); (b) socio-demographic factors (n = 586). For the analytic sample, the mean age was 54 years (SD = 13) ranging from 21--93 years, with 64% of the sample comprised of women.

2.2. Outcome Measures
---------------------

The following lung function measures represented the study outcome measures: (1) Forced expiratory volume in one second (FEV~1~); (2) forced vital capacity (FVC); (3) FEV~1~/FVC ratio; (4) percent predicted FEV~1~ (PPFEV~1~); (5) percent predicted FVC (PPFVC); and (6) airway obstruction. Pulmonary function (PF) was measured using computerized spirometry; maximum values of FVC and FEV~1~ were selected for analysis based on recommendations from the American Thoracic Society \[[@B28-ijerph-11-01500]\]. Derivation of the percent predicted measures of pulmonary function measures were based on the National Health and Nutrition Examination Survey (NHANES) and were formulated based on the race/ethnicity, height, age and sex of the participant \[[@B39-ijerph-11-01500]\].

2.3. Independent Variables
--------------------------

*Smoking Status*---Current cigarette smoking (CCS) was defined as a positive response to "Have you smoked more than 400 cigarettes in your lifetime?" and "Do you now smoke cigarettes". Former cigarette smoking was defined as a positive response to the first question and a negative response to the latter question. Never smokers are those who responded no to the first question.

*Sedentary lifestyle (SL)* was defined as the lowest quartile of the total physical activity score (TPAS); 3 ≤ TPAS \< 6.5. Participants classified as not having sedentary lifestyle had a TPAS in the upper 75th percentile. The TPAS is a summary score of the intensity, frequency, and duration of various physical activities derived from the 30-item Jackson Heart Physical Activity Cohort (JPAC) validated interviewer-administered survey that assesses physical activity over the past 12 months \[[@B33-ijerph-11-01500]\]. The survey took 15 minutes to administer \[[@B33-ijerph-11-01500]\]. TPAS which ranges from 3 (low) to 16.9 (high) was validated against results from 24-hour accelerometer and pedometer monitoring.

The two independent measures were stratified to derive four study groups defined by participants who were (a) non-current smokers and had non-sedentary lifestyle (NSK_NSL), (b) non-current smokers and had sedentary lifestyle (NSK_SL), (c) current smokers who had non-sedentary lifestyle (SK_NSL), and (d) current smokers who had sedentary lifestyle (SK_SL). *Gender* was treated as an effect modifier because a number of statistically significant gender heterogeneity was observed from prior work showing differential association of physical activity and smoking with lung function outcomes by gender.

2.4. Covariates
---------------

Researchers believe that some of the differences noticed in lung function may be attributed to body composition \[[@B18-ijerph-11-01500],[@B40-ijerph-11-01500],[@B41-ijerph-11-01500],[@B42-ijerph-11-01500],[@B43-ijerph-11-01500]\] dietary intake, physical activity, socioeconomic factors \[[@B18-ijerph-11-01500],[@B41-ijerph-11-01500]\], age \[[@B44-ijerph-11-01500]\], and genetics \[[@B40-ijerph-11-01500],[@B41-ijerph-11-01500],[@B42-ijerph-11-01500],[@B43-ijerph-11-01500],[@B44-ijerph-11-01500]\]. Factors adjusted for in this analysis were: Age, educational attainment, marital status, family income, body mass index, total dietary fat, fiber and carbohydrate, alcohol consumption in the past 12 months, history of hypertension, anti-hypertensive therapy, history of type 2 diabetes, anti-diabetic medication, supplement use, and cumulative pack years (*i.e.*, average number of cigarettes smoked per day, divided by 20 and multiplied by the number of years smoked) as an indicator of smoking status. Duration of smoking was computed as the difference between the age at which smoking was initiated and the age at baseline examination. Intake of dietary fat, fiber, and carbohydrate was determined from participant responses to the JHS food frequency short-form questionnaire developed in conjunction with the Human Nutrition Research Center on Aging at Tufts University and the Delta Nutrition Intervention Research Initiative \[[@B35-ijerph-11-01500]\].

2.5. Statistical Analysis
-------------------------

Descriptive statistics were used to describe the characteristics of the study sample and the observed lung function measures across the four study groups. General Linear models (GLM) were used to compare observed lung function measurement across the four study groups and the potential covariates. Logistic regression analysis was used to test for association of categorical covariates and the smoking-sedentary lifestyle groupings. GLM (via SAS PROC GENMOD) was used also to assess the differences in the lung function of smokers who are physically active *versus* non-smokers who are not physically active. Linear or logistic regression was used to test the mediation of sedentary lifestyle on the relationship between smoking and lung function in African Americans. All inferential statistics were stratified by gender. The significance level for all statistical tests was 0.05.

3. Results
==========

Unadjusted sex-stratified comparative analysis of measures of lung function (FEV~1,~ FVC, FEV~1~/FVC ratio, PPFEV~1~, PPFVC and airway obstruction) indicated significant differences between the four subgroups for both genders. In general, for both genders, participants who were non smokers with a non sedentary lifestyle (NSK-NSL) group had the highest level of lung function and participants who were smokers and had a sedentary lifestyle (SK-SL) had the lowest lung function level. [Figure 1](#ijerph-11-01500-f001){ref-type="fig"}a,b graphically depict differences in the age-adjusted mean PPFEV~1~ (single measure of lung function) values between the four groups. Although participants who were non smokers and had a sedentary lifestyle (NSK_SL = 92.5%) had slightly higher lung function levels than smokers with a non sedentary lifestyle (SK_NSL = 89.5%), the difference was not statistically significant.

Of the 2,065 women studied, 1,425 (69.0%) were classified as non-current smokers with a non-sedentary lifestyle (NSK-NSL), 440 (21.3%) were classified as non-current smokers with a sedentary lifestyle (NSK-SL); 152 (7.4%) were current smokers with a non-sedentary lifestyle (SK-NSL); and 48 (2.3%) were current smokers with a sedentary lifestyle (SK-SL). Similarly, 826 (69.4%) of the total 1,191 men were non smokers with non sedentary lifestyles (NSK-NSL), 167 (14.0%) were non smokers with sedentary lifestyles (NSK-SL); 155 (13.0%) were smokers with non sedentary lifestyles (SK-NSL); and 43 (3.6%) were smokers with sedentary lifestyles (SK-SL). There were significant differences across the four subgroups (smoking/sedentary lifestyle groups) for the following characteristics of the study sample for both men and women: age, BMI, family income, education, and alcohol consumptions. The use of anti- hypertension and diabetes therapy differed across the four groups; this pattern was similar across gender. Men who were current smokers, irrespective of sedentary lifestyle had greater mean total dietary fiber intake compared to the non-current smokers; this was also true for women (See [Table 1](#ijerph-11-01500-t001){ref-type="table"}).

![(**a**) Age-adjusted Means of FEV1 % Predicted for Women (n = 2,065). (**b**) Age-adjusted Means of FEV1 % Predicted for Men (n = 1,191).](ijerph-11-01500-g001){#ijerph-11-01500-f001}
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###### 

Sex-stratified socio-demographic, lifestyle, cardiovascular, and lung function characteristics by smoking and sedentary lifestyle group.

  Characteristics                     NSK_NSL       NSK_SL        SK_NSL        SK_SL         *p*
  ----------------------------------- ------------- ------------- ------------- ------------- ----------
  Women (n = 2,065)                   (n = 1,425)   (n = 440)     (n = 152)     (n = 48)      
  Age, years ^†^                      52 ± 12       62 ± 12       51 ± 11       56 ± 9        \*\*\*\*
  Body Mass index                     32.6 ± 7.5    33.2 ± 7.7    31.4 ± 7.3    31.1 ± 7.4    \*
  Marital status, Married (%)         46.5          47.1          42.1          35.4          NS
  Family income, Affluent (%)         31.2          18.6          18.4          12.5          \*\*\*\*
  Education, ≥College Associate (%)   51.0          30.7          29.6          27.1          \*\*\*\*
  Alcohol Use (%)                     43.6          23.1          65.1          54.2          \*\*\*\*
  Hypertension (%)                    56.5          73.7          49.3          78.7          \*\*\*\*
  Anti-hypertensive therapy (%)       49.1          67.4          38.9          65.2          \*\*\*\*
  Type 2 Diabetes Mellitus (%)        14.8          24.9          11.5          28.3          \*\*\*\*
  Anti-diabetic medication (%)        12.9          23.3          8.2           27.3          \*\*\*\*
  Total dietary fiber, grams          15.0 ± 6.8    13.8 ± 5.8    16.6 ± 7.4    14.9 ± 6.8    \*\*\*
  FEV~1~ ^†^                          2.21 ± 0.48   1.90 ± 0.46   2.14 ± 0.50   1.89 ± 0.44   \*\*\*\*
  FVC ^†^                             2.70 ± 0.57   2.38 ± 0.58   2.64 ± 0.58   2.45 ± 0.53   \*\*\*\*
  FEV~1~/FVC ^†^                      82.1 ± 8.5    80.2 ± 8.8    81.3 ± 9.1    77.4 ± 9.2    \*\*\*\*
  FEV~1~% Predicted ^†^               95.4 ± 16.7   93.8 ± 19.6   89.0 ± 15.5   85.2 ± 16.1   \*\*\*\*
  FVC% Predicted ^†^                  93.7 ± 17.0   92.4 ± 20.8   88.6 ± 15.5   87.8 ± 15.1   \*\*
  Airway Obstruction (%)              8.1           10.7          10.1          18.8          \*
  Men (n = 1,191)                     (n = 826)     (n = 167)     (n = 155)     (n = 43)      
  Age, years ^†^                      52 ± 12       63 ± 12       49 ± 11       61 ± 11       \*\*\*\*
  Body Mass index ^†^                 29.9 ± 5.9    30.2 ± 6.0    28.0 ± 6.3    28.1 ± 8.4    \*\*\*
  Marital status, Married (%)         75.7          75.3          58.7          46.5          \*\*\*\*
  Family income, Affluent (%)         45.2          28.1          28.4          23.3          \*\*\*\*
  Education, ≥College Associate (%)   48.1          25.8          27.1          16.3          \*\*\*\*
  Alcohol Use (%)                     60.1          45.5          87.1          67.4          \*\*\*\*
  Hypertension (%)                    53.2          74.7          48.7          62.8          \*\*\*\*
  Anti-hypertensive therapy (%)       41.5          57.4          22.8          47.5          \*\*\*\*
  Type 2 Diabetes Mellitus (%)        12.3          22.4          9.2           23.8          \*\*\*
  Anti-diabetic medication (%)        10.8          20.7          6.8           17.1          \*\*\*\*
  Total dietary fiber, grams          17.8 ± 8.3    16.4 ± 6.7    21.0 ± 10.0   21.4 ± 16.7   \*\*\*\*
  FEV~1~^†^                           3.07 ± 0.66   2.59 ± 0.63   2.97 ± 0.66   2.30 ± 0.69   \*\*\*\*
  FVC ^†\`^                           3.80 ± 0.78   3.32 ± 0.92   3.84 ± 0.74   3.09 ± 0.77   \*\*\*\*
  FEV~1~/FVC ^†^                      81.1 ± 8.1    78.8 ± 10.4   77.5 ± 10.0   74.5 ± 12.0   \*\*\*\*
  FEV~1~% Predicted ^†^               92.6 ± 15.8   88.7 ± 17.2   87.9 ± 15.3   76.4 ± 17.8   \*\*\*\*
  FVC% Predicted                      91.1 ± 15.9   88.3 ± 27.4   90.8 ± 14.1   79.8 ± 17.3   \*\*\*
  Airway Obstruction (%)              11.5          18.1          18.7          41.9          \*\*\*

Note: ^†^ mean ± SD; P-values associated with mean-difference between the four groups; NS: Non-significant; \*: *p* \< 0.05, \*\*: *p* \< 0.01, \*\*\*: *p* \< 0.001, \*\*\*\*: *p* \< 0.0001; NSK_NSL: participants who were non current smokers and had non-sedentary lifestyle; NSK_SL: participants who were non current smokers and had sedentary lifestyle; SK_NSL: participants who were current smokers and had non-sedentary lifestyle; and SK_SL: participants who were current smokers and had sedentary lifestyle.

[Table 2](#ijerph-11-01500-t002){ref-type="table"} provides a summary of the sex-stratified analysis of participants in the non-smoking/sedentary lifestyle (NSK_SL) and smoking/non sedentary lifestyle (SK_NSL) groups. Focusing on the multivariable adjusted models (model 2) in women, PPFEV~1~ was significantly higher in the non-smoking/sedentary lifestyle group (NSK_SL) than in the smoking/non sedentary lifestyle group (SK_NSL) (93.3% *vs.* 88.6%; *p* = 0.0102). Similarly, PPFVC was higher in the non-smoking/ sedentary group (NSK_SL) than in the smoking/non sedentary lifestyle group (SK_NSL) (92.1% *vs.* 86.9%; *p* = 0.0055). However, for the men, FEV~1~/FVC ratio was higher in the non-smokers/sedentary group (NSK_SL) than in the smoking/ non sedentary lifestyle group (SK_NSL) (80.9 *vs.* 78.1; *p* = 0.0048). However, significant difference between the two groups for the FVC in the age-adjusted model (Model 1) was attenuated for men and not for women when adjustment for additional covariates was performed.
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###### 

Sex-stratified comparative analysis of lung function measure among smokers without sedentary lifestyle *vs.* non-smokers with sedentary lifestyle.

  Characteristics                                 Model 1       Model 2                                                          
  ----------------------------------------------- ------------- ------------------- ---------- ------------- ------------------- --------
  Women                                                                                                                          
  Forced expiratory volume in 1 second (FEV~1~)   2.08 ± 0.02   2.07 ± 0.03         0.7342     2.11 ± 0.02   2.05 ± 0.04         0.1932
  Forced Vital Capacity (FVC)                     2.56 ± 0.03   2.57 ± 0.04         0.8300     2.59 ± 0.03   2.51 ± 0.05         0.1355
  FEV~1~/FVC Ratio                                81.6 ± 0.42   80.7 ± 0.68         0.2670     81.5 ± 0.46   81.6 ± 0.76         0.9269
  FEV1% Predicted                                 92.5 ± 0.86   89.5 ± 1.40         0.0689     93.3 ± 0.92   88.6 ± 1.53         0.0102
  FVC % Predicted                                 91.2 ± 0.89   89.1 ± 1.44         0.2028     92.1 ± 0.95   86.9 ± 1.58         0.0055
  Airways Obstruction                             1.00          0.59 (0.30,1.15)    0.1200     1.00          0.68 (0.32,1.48)    0.3328
  Men                                                                                                                            
  FEV1                                            2.85 ± 0.04   2.86 ± 0.05         0.9037     2.91 ± 0.05   2.89 ± 0.05         0.7679
  FVC                                             3.56 ± 0.06   3.74 ± 0.06         0.0333     3.59 ± 0.06   3.71 ± 0.06         0.1543
  FEV1/FVC                                        80.8 ± 0.68   76.6 ± 0.69         \<0.0001   80.9 ± 0.71   78.1 ± 0.69         0.0048
  FEV1% Predicted                                 90.2 ± 1.28   87.2 ± 1.29         0.1042     91.2 ± 1.37   87.5 ± 1.34         0.0641
  FVC % Predicted                                 89.6 ± 1.43   90.2 ± 1.43         0.7942     89.2 ± 1.32   89.0 ± 1.29         0.9312
  Airways Obstruction                             1.00          1.21 (0.62, 2.34)   0.5744     1.00          1.46 (0.66, 3.24)   0.3471

Note: Model 1---Age-adjusted model; Model 2---Model 1 plus marital status, income, body mass index, alcohol consumption, prevalent hypertension, anti-hypertension medication, prevalent type 2 diabetes, anti-diabetic medication, smoking duration and inhalation pattern.

In [Table 3](#ijerph-11-01500-t003){ref-type="table"} and [Table 4](#ijerph-11-01500-t004){ref-type="table"}, using the multivariable-adjusted model (Model 3), the following findings were observed for both genders. Smoking status was significantly associated with FEV~1~, FVC, PPFEV~1~, and PPFVC. After accounting for sedentary lifestyle (Model 4), smoking status was still significantly associated with FEV~1~, PPFVC, and PPFVC for both genders. For the four above mentioned lung function measures, sedentary lifestyle was significantly associated with FEV~1~ and PPFEV~1~ for both genders. Additionally, for the men, sedentary lifestyle was significantly associated with FVC (*p* = 0.0019), but not PPFVC (*p* = 0.1379). Comparisons of Models 3 and 4 for both genders revealed that adjustment for physical activity did not alter the associations between smoking status and lung function, thus indicating minimal evidence of mediation by physical activity.
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###### 

Multivariate and Odds Ratio test of mediation of sedentary lifestyle on the association of smoking status and lung function among African American women.

  Lung Functioning Measures                             Model 1            Model 2            Model 3            Model 4
  ----------------------------------------------------- ------------------ ------------------ ------------------ ------------------
  **1. Bivariate and Multivariable Analysis: FEV~1~**                                                            
  *Smoking status:*                                                                                              
  Never                                                 2.13               2.11               2.12               2.11
  Former                                                2.18               2.15               2.22               2.20
  Current                                               2.03               2.01               2.06               2.05
  *p-value*                                             0.0002             0.0005             0.0005             0.0011
  *Physical Activity:*                                                                                           
  Non-Sedentary Lifestyles                              \--                2.13               \--                2.15
  Sedentary Lifestyles                                  \--                2.05               \--                2.09
  *p-value*                                             \--                0.0002             \--                0.0215
  **FVC**                                                                                                        
  *Smoking status:*                                                                                              
  Never                                                 2.61               2.59               2.63               2.62
  Former                                                2.71               2.68               2.66               2.64
  Current                                               2.55               2.53               2.46               2.45
  *p-value*                                             0.0015             0.0039             0.0004             0.0007
  *Physical Activity:*                                                                                           
  Non-Sedentary Lifestyles                              \--                2.64               \--                2.59
  Sedentary Lifestyles                                  \--                2.56               \--                2.55
  *p-value*                                             \--                0.0031             \--                0.1246
  **FEV~1~/FVC**                                                                                                 
  *Smoking status:*                                                                                              
  Never                                                 81.7               81.6               80.8               80.7
  Former                                                81.2               81.1               83.9               83.7
  Current                                               80.0               79.9               83.6               83.5
  *P-value*                                             0.0161             0.0156             0.1493             0.1616
  *Physical Activity:*                                                                                           
  Non-Sedentary Lifestyles                              \--                81.1               \--                82.8
  Sedentary Lifestyles                                  \--                80.7               \--                82.4
  *P-value*                                             \--                0.3752             \--                0.3687
  **Percent Predicted FEV~1~**                                                                                   
  *Smoking status:*                                                                                              
  Never                                                 94.9               94.1               94.2               93.6
  Former                                                95.4               94.2               97.7               96.8
  Current                                               88.3               87.6               90.2               89.6
  *P-value*                                             \<0.0001           \<0.0001           \<0.0001           0.0002
  *Physical Activity:*                                                                                           
  Non-Sedentary Lifestyles                              \--                93.6               \--                94.5
  Sedentary Lifestyles                                  \--                90.3               \--                92.2
  *P-value*                                             \--                0.0005             \--                0.0216
  **Percent predicted FVC**                                                                                      
  *Smoking status:*                                                                                              
  Never                                                 93.1               92.5               93.6               93.3
  Former                                                94.4               93.5               93.4               92.8
  Current                                               88.6               88.0               85.8               85.4
  *P-value*                                             0.0008             0.0013             \<0.0001           0.0001
  *Physical Activity:*                                                                                           
  Non-Sedentary Lifestyles                              \--                92.6               \--                91.3
  Sedentary Lifestyles                                  \--                90.1               \--                89.7
  *P-value*                                             \--                0.0096             \--                0.1312
  **Percent Predicted FEV~1~/FVC**                                                                               
  *Smoking status:*                                                                                              
  Never                                                 98.9               99.2               100.1              100.6
  Former                                                99.9               100.3              96.9               97.6
  Current                                               101.1              101.4              96.6               97.0
  *P-value*                                             0.6568             0.6468             0.8819             0.08862
  *Physical Activity:*                                                                                           
  Non-Sedentary Lifestyles                              \--                99.7               \--                97.5
  Sedentary Lifestyles                                  \--                101.0              \--                99.3
  *P-value*                                             \--                0.5081             \--                0.3954
  **2.Odds Ratio Analysis** **Obstruction**                                                                      
  *Smoking status:*(Ref: Never)                                                                                  
  Former                                                0.80 (0.51,1.33)   0.88 (0.54,1.42)   1.18 (0.31,4.39)   1.33 (0.36,4.96)
  Current                                               1.36 (0.86,2.16)   1.34 (0.84,2.13)   1.87 (0.50,6.98)   1.93 (0.52,7.21)
   *Physical Activity(Ref: Non-Sedentary Lifestyles*                                                             
  Sedentary Lifestyles                                  \--                1.90 (1.33,2.73)   \--                1.84 (1.25,2.71)

Note: Model 1 -- Age -- Sex -- Adjusted: Model 2 -- Age -- Sex -- Adjusted + Smoking (Never, Former and Current) + Physical Activity (Sedentary lifestyles), Model 3 -- multivariable adjusted + Smoking (Never, Former and Current), Model 4 - multivariable adjusted + Smoking (Never, Former and Current) + Physical Activity (Sedentary Lifestyles); "\--": denotes no values were obtained because Sedentary Lifestyles was not includes in the model.
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###### 

Multivariable and Odds ratio Analysis of mediation of sedentary lifestyle on the association of smoking status and lung function among African American men.

  Lung Functioning Measures                              Model 1            Model 2            Model 3            Model 4
  ------------------------------------------------------ ------------------ ------------------ ------------------ ------------------
  **1. Bivariate and Multivariable Analysis: FEV~1~**                                                             
  *Smoking status:*                                                                                               
  Never                                                  2.98               2.91               2.89               2.84
  Former                                                 3.04               2.97               3.20               3.13
  Current                                                2.79               2.73               2.97               2.91
  *P-value*                                              \<0.0001           \<0.0001           0.0002             0.0003
  *Physical Activity:*                                                                                            
  Non-Sedentary Lifestyles                               \--                2.97               \--                3.04
  Sedentary Lifestyles                                   \--                2.77               \--                2.88
  *P-value*                                              \--                \<0.0001           \--                0.0007
  **FVC**                                                                                                         
  *Smoking status:*                                                                                               
  Never                                                  3.69               3.61               3.60               3.54
  Former                                                 3.82               3.73               4.01               3.93
  Current                                                3.64               3.57               3.77               3.70
  *P-value*                                              0.0220             0.0406             0.0013             0.0019
  *Physical Activity:*                                                                                            
  Non-Sedentary Lifestyles                               \--                3.76               \--                3.82
  Sedentary Lifestyles                                   \--                3.52               \--                3.62
  *P-value*                                              \--                \<0.0001           \--                0.0021
  **FEV~1~/FVC**                                                                                                  
  *Smoking status:*                                                                                               
  Never                                                  81.1               81.1               79.8               79.7
  Former                                                 79.9               79.9               81.3               81.2
  Current                                                76.6               76.6               80.1               80.0
  *P-value*                                              \<0.0001           \<0.0001           0.3023             0.3071
  *Physical Activity:*                                                                                            
  Non-Sedentary Lifestyles                               \--                79.2               \--                80.4
  Sedentary Lifestyles                                   \--                79.1               \--                80.2
  *P-value*                                              \--                0.9491             \--                0.8139
  **Percent Predicted FEV~1~**                                                                                    
  *Smoking status:*                                                                                               
  Never                                                  91.8               90.7               87.6               86.8
  Former                                                 92.3               91.1               99.2               98.0
  Current                                                85.1               84.2               92.7               91.6
  *P-value*                                              \<0.0001           \<0.0001           \<0.0001           \<0.0001
  *Physical Activity*                                                                                             
  Non-Sedentary Lifestyles                               \--                90.4               \--                93.6
  Sedentary Lifestyles                                   \--                86.9               \--                90.6
  *P-value*                                              \--                0.0066             \--                0.0294
  **Percent predicted FVC**                                                                                       
  *Smoking status:*                                                                                               
  Never                                                  90.1               89.2               86.5               85.8
  Former                                                 92.2               91.3               99.0               98.1
  Current                                                88.1               87.4               92.7               91.9
  *P-value*                                              0.0513             0.0704             0.0001             0.0002
  *Physical Activity:*                                                                                            
  Non-Sedentary Lifestyles                               \--                90.6               \--                93.1
  Sedentary Lifestyles                                   \--                87.9               \--                90.8
  *P-value*                                              \--                0.0625             \--                0.1379
  **Percent Predicted FEV~1~/FVC**                                                                                
  *Smoking status:*                                                                                               
  Never                                                  99.0               99.1               100.9              101.1
  Former                                                 100.2              100.3              98.3               98.6
  Current                                                105.4              105.5              99.4               99.7
  *P-value*                                              \<0.0001           \<0.0001           0.5993             0.6157
  *Physical Activity:*                                                                                            
  Non-Sedentary Lifestyles                               \--                101.5              \--                99.4
  Sedentary Lifestyles                                   \--                101.9              \--                100.2
  *P-value*                                              \--                0.7670             \--                0.5635
  **2. Odds Ratio Analysis Obstruction**                                                                          
  *Smoking status(Ref: Never)*                                                                                    
  Former                                                 1.18 (0.78,1.79)   1.21 (0.80,        0.88 (0.11,1.38)   0.41 (0.11,1.47)
  Current                                                2.38 (1.60,3.56)   2.31 (1.54,3.46)   0.75 (0.21,2.72)   0.78 (0.21,2.84)
  *Physical Activity: (Ref: Non-Sedentary Lifestyles)*                                                            
  Sedentary Lifestyles                                   \--                1.71 (1.14,2.57)   \--                1.62 (1.03,2.55)

Note: Model 1---Age -- Sex -- Adjusted; Model 2---Age -- Sex -- Adjusted + Smoking (Never, Former and Current) + Physical Activity (Sedentary lifestyles); Model 3---multivariable adjusted + Smoking (Never, Former and Current); Model 4---multivariable adjusted + Smoking (Never, Former and Current) + Physical Activity (Sedentary Lifestyles); "\--": denotes no values were obtained because Sedentary Lifestyles was not includes in the model.

4. Discussion
=============

The Jackson Heart Study collected pulmonary function data on over 5,000 AA adults of varied socioeconomic status. Because of the paucity of pulmonary function studies involving African American adults, this study was designed to examine several measures of lung function in relation to smoking practices and physical activity among an African American population. An examination of the data leads to the conclusion that African American men and women who are free of smoking and are physically active have the best lung function and those who smoke and have a sedentary lifestyle have the worst lung function. In short, the analysis revealed that persons who smoked and were physically active had better lung function than those who were not physically active. These findings are consistent with some, but not all previous investigations. Some research studies have purported that there are associations between lung function, physical activity, and disease \[[@B19-ijerph-11-01500],[@B20-ijerph-11-01500]\]. However, research supporting the association between physical activity and lung function is scarce \[[@B21-ijerph-11-01500],[@B22-ijerph-11-01500],[@B23-ijerph-11-01500],[@B24-ijerph-11-01500],[@B25-ijerph-11-01500],[@B26-ijerph-11-01500],[@B27-ijerph-11-01500],[@B28-ijerph-11-01500],[@B29-ijerph-11-01500]\], and the mechanisms by which physical inactivity might influence FEV~1~ are unclear.

Covariates were also included in these analyses because the spirometric variables are believed to be influenced by a number of external and internal factors. Although there were significant differences between the four subgroups, the patterns of difference were different for men and women. Those who were in the smoking/sedentary lifestyle group had the highest prevalence of hypertension and anti-hypertensive medication usage. For men, those who were in the non smoking/sedentary lifestyle group had the largest percentage of hypertension and anti-hypertensive medication use. However, for diabetes and anti-diabetic therapy, although there was significant difference between the four subgroups with men and women in the smoking/ sedentary lifestyle group having the largest percentage, the men had a consistently lower percentage of diabetes and use of anti-diabetic medication across the four subgroups. Men and women who were current smokers, irrespective of sedentary lifestyle, indicated a greater mean total dietary fiber intake compared to the non-current smokers.

For both genders, all of the unadjusted lung function measures differed significantly across the four study groups. However, these differences were attenuated for a number of the lung function measures in the multivariable adjusted models, suggesting that the differences initially observed were due to differences in the potential confounders and the co-morbidities among the four study groups and supporting the belief that the spirometric variables could be influenced by a number of external and internal factors. Also, the study revealed that for the multivariable adjusted models, there were gender differences in the significant findings among the set of measures of lung function between smokers who had a non-sedentary lifestyle and non-smokers who had a sedentary lifestyle. Others have found that body composition \[[@B18-ijerph-11-01500],[@B41-ijerph-11-01500],[@B42-ijerph-11-01500],[@B43-ijerph-11-01500],[@B44-ijerph-11-01500]\], dietary intake, physical activity, socioeconomic factors \[[@B18-ijerph-11-01500],[@B44-ijerph-11-01500]\], age \[[@B44-ijerph-11-01500]\], and even genetics \[[@B40-ijerph-11-01500],[@B43-ijerph-11-01500],[@B44-ijerph-11-01500]\] may explain differences in lung function. Given that FEV~1~ has been documented as a powerful predictor of general, pulmonary, and cardiovascular mortality and morbidity\[[@B1-ijerph-11-01500],[@B2-ijerph-11-01500],[@B3-ijerph-11-01500],[@B4-ijerph-11-01500]\], if we were to use FEV~1~ and other derivatives of it (FEV~1~ % Predicted and FEV~1~/FVC ratio), then the following inferences could be made based on the results of this study: Women who are nonsmokers and have a sedentary lifestyle tend to have a significantly higher level of lung function (FEV~1~ % Predicted) compared to women smokers who are non-sedentary.Men who are nonsmokers and have a sedentary lifestyle tend to have a significantly higher level of lung function using the FEV~1~/FVC ratio as a measure of lung function.

There is a statistically significant difference for women non smokers when using the FEV~1~ values for lung function and for men non smokers when using the FEV~1~/FVC values. The difference in outcome measure may attach some additional limitations to these findings. While the outcome measure for lung function for men and women for which significance was noted is not identical, the finding is important enough to warrant concern and establish the need to develop tools to improve or maintain the pulmonary function of smokers and/or individuals prone to developing pulmonary pathologies. The aim of this investigation was to examine smoking and sedentary lifestyle as possible factors associated with deficiency in lung function. Based on these findings, the need to develop a primary preventive strategy to help prevent smokers from developing pulmonary diseases could be an implication of this research. These results could raise concerns and provide clinicians, patients and healthy with additional information as the struggle continues to reduce the prevalence of chronic disease, to improve pulmonary function, health status, and a sense of well-being among African Americans.

Previous research has demonstrated that there is racial/ethnic difference in the prevalence of smoking in the US \[[@B45-ijerph-11-01500]\], and the results from this study are consistent with the belief that smoking as a risk factor for cardiovascular disease is not a major issue among the African American population. The percentages of current smokers were relatively low for men (16.6%) and women (9.7%). The percentage of men and women who were smokers and had a sedentary lifestyle was also very low; 2.3% and 3.6%, respectively.

The patterns of the joint effects of smoking and sedentary lifestyle on lung function vary with the various measures of lung function and are not consistent across gender. However, the results of this study provide evidence that is consistent with the postulates of Garcia-Aymerich *et al.* (2006) that regular physical activity modifies smoking-related lung function decline and reduces risk of chronic obstructive pulmonary disease \[[@B10-ijerph-11-01500]\]. These findings underscore that smoking and sedentary lifestyle both have deleterious effects on lung function in African Americans with some evidence to suggest that sedentary lifestyle is the least harmful. The interaction between physical activity and smoking should be accounted for when estimating the burden of respiratory disease. For both males and females, being a smoker who is physically active does not necessarily translate to increased lung function. A smoke free lifestyle more than a physically active lifestyle seems to dictate increased lung function. Respiratory function was tested using spirometric measures which were examined to assess the influence of smoking and sedentary lifestyle on lung function. Six spirometric variables were used to examine the pulmonary function and evaluate differences between groups. Non smokers who were not physically active (sedentary) displayed significantly higher values of forced expiratory volume in one second (FEV1) and forced vital capacity (FVC) than smokers and participants who were non sedentary (physically active). Non-smokers had better lung capacity than smokers, regardless of whether the smokers were physically active. That was true for both males and females. Living a non sedentary lifestyle, which involves engagement in physical activity and not smoking, is associated with maintenance of respiratory fitness and lung function. It can be assumed then that changing physical activity habits to ensure a non sedentary lifestyle will lead to improved lung function.

One question that comes to mind is "can physical activity by itself improve lung function?" This study shows that smokers who are non sedentary exhibit some degree of lung-function impairment compared to nonsmokers, but still have better lung function than smokers who are sedentary. Smoking can be viewed as a catalyst for increasing respiratory symptoms and diminished lung function. The lower FEV1 and FVC values of the smokers compared to nonsmoker groups could be attributed to possible airways obstruction which could mean that smokers had developed some degree of lung function impairment compared to non-smoker.

Elimination of smoking and incorporating physically active lifestyles can help to increase respiratory capacity. This is important information for use with health promotion and health education programs that are geared towards reducing the negative effects of smoking as one of the main risk factors for chronic diseases, such as cancer, lung diseases, cardiovascular diseases, and the cardio-respiratory functions. The significant differences between smokers and nonsmokers could be explained with the functional and structural abnormalities that smoke cause on terminal bronchioles (mucus plugs, accumulation of pigment laden macrophages, goblet and squamous cells metaplasia, ulceration, inflammatory cell infiltrate, smooth muscle hypertrophy, fibrosis and excessive pigments \[[@B46-ijerph-11-01500]\].

The present investigation showed the effects of smoking on lung function and the influence of physical activity on increasing respiratory abilities. The values of spirometric variables presented in this study for the smokers and non-smokers could be important for assessing future lung function status and detection of potential obstructive pulmonary diseases by evaluating and estimating the influence of smoking. This study examined various combinations of smoking and sedentary lifestyles as they relate to lung function in the African American cohort in the Jackson Heart Study. It would be prudent to encourage participation in physical activity, while modifying smoking habits as effective strategies for African American populations to reduce preventable risk factors, limit health disparities, and improve health status. Exercise and smoking elimination are important practices for promoting pulmonary health.

Given the paucity of pulmonary function data in African Americans and given the variability in significant findings for the various measures of lung function used in this study across gender, it is important that more large epidemiological studies on lung function be conducted in African American populations. Also, longitudinal data are needed to examine causal relations and to determine whether changes in smoking status and sedentary behavior lead to changes in lung function. In summary, smoking and physical inactivity both negatively impact lung function, with smoking having a more deleterious effect. This finding is important given that cigarette smoking is responsible for 440,000 deaths annually and costs \$157 billion dollars in health care expenses, accounting for 20% of all deaths in the United States, along with several diseases, and other adverse health conditions \[[@B15-ijerph-11-01500]\].

Study Limitations and Strengths
-------------------------------

Given that the JHS sample was limited to adults and was not designed to be a nationally representative sample, findings from the study might not be generalized to all African Americans. Low percentages of current men (16.6%) and women (9.7%) smokers resulted in small sample sizes for the smoking/sedentary group for men (n = 43; 3.6% of total men sample) and women (n = 48; 2.3% of total women sample). Lack of a standard definition of sedentary lifestyle is a limitation and raises questions as to whether or not the lowest quartile of the TPAS adequately reflects a sedentary lifestyle. This issue is not unique to this study since the task of coming up with an international standard definition for sedentary lifestyle is difficult \[[@B39-ijerph-11-01500]\]. In fact, exploring different measures of sedentary lifestyle in the same manner that lung function was evaluated using several measures could eventually lead to a universally acceptable definition of sedentary lifestyle. It might be useful in future studies if physical activity would be assessed using more categories such as low, moderate and high.

5. Conclusions
==============

In this cross sectional study, after controlling for covariates, being a non smoker and being active were found to be associated with better lung function in both men and women. Smoking, physical activity and lung health, which are associated with CVD, are three important targets in the effort to mitigate disparities in cardiovascular health. This study, which has considerable individual and public health implications, provides evidence of the joint influence of smoking and sedentary lifestyle on lung function in AA adults. Since smoking and sedentary lifestyle both are negatively associated with healthy lungs, it is important that AAs who are at greater risk of CVD \[[@B47-ijerph-11-01500],[@B48-ijerph-11-01500],[@B49-ijerph-11-01500],[@B50-ijerph-11-01500]\] and are known to have lower lung capacity than their white counterparts \[[@B23-ijerph-11-01500]\] refrain from smoking and adopt the practice of maintaining or increasing their physical activity. Although AAs might smoke less, and have a later age of onset for smoking than whites, the negative impact of both smoking and physical inactivity on their lung health, and, subsequently, on cardiovascular health may be substantial. There needs to be intensified efforts to prevent and/or intervene to address the hazards of smoking and physical inactivity that are both modifiable behaviors.
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